Epigenetic regulation of the neuroblastoma genes, Arid3b and Mycn K Kobayashi, LM Jakt and S-I Nishikawa AT-rich interaction domain molecule 3B (ARID3B) and MYCN are expressed in a portion of neuroblastoma, and form a combination that has strong oncogenic activity in mouse embryonic fibroblasts (MEFs). Here, we show that this combination can also convert neural stem cells to neuroblastoma-like tumor. To address whether there are common mechanisms regulating the expression of this combination of genes, we examined public repositories of gene expression data and found that although these genes are rarely expressed together, co-expression was observed in a proportion of germ cell tumors (GCTs), in embryonic stem (ES) cells and in testis. These cell types and tissues are related to pluripotency and we show here that in mouse ES cells, Arid3b and Mycn are indeed involved in cell proliferation; the former in avoiding cell death and the latter in driving cell cycle progression. Accordingly, the two genes are induced during somatic cell reprogramming to iPS, and this induction is accompanied by the switching of promoter histone marks from H3K27me3 to H3K4me3. Conversely, the switch from H3K4me3 to H3K27me3 in these genes occurs during the differentiation of neural crest to mature sympathetic ganglia cells. In many, if not most, neuroblastomas these genes carry H3K4me3 marks within their promoters. Thus, a failure of the epigenetic silencing of these genes during development may be an underlying factor responsible for neuroblastoma.
INTRODUCTION
AT-rich interaction domain molecule 3B (ARID3B) is a member of a family of proteins that are characterized by an AT-rich interaction domain that was initially identified by its interaction with RB1 in an acute myeloblastic leukemia cell line. 1 The null mutant of Arid3b is embryonic lethal due to massive cell death of nascent neural crest. 2 As Mycn is implicated as a factor of cell cycle progression in neural crest cells, the phenotype of Arid3b ( À / À ) mice suggested that the combination of these two genes may also be involved in tumor formation. This idea was supported by our observation that a combination of ARID3B and MYCN is sufficient to confer tumorforming activity on mouse embryonic fibroblasts (MEFs) in immunodeficient mice. Moreover, ARID3B is expressed in most stage 4 neuroblastoma in which MYCN has been implicated in the oncogenic process. 3 The effect of Arid3b expression in neural crest, neuroblastoma cell lines and MEFs, in concert, suggests that it has an ability to protect cells from apoptosis during Mycn-driven proliferation. 2, 3 During mouse neural crest differentiation, concomitant expression of the two genes is essential for rapid generation of a sufficient number of cells, with Mycn promoting cell cycle progression and Arid3b preventing cell death. Conversely, the same set of genes, when expressed in an uncontrolled manner, should increase the danger of tumor transformation, and such expression may cause some proportion of neuroblastoma. Hence, expression of Arid3b needs to be strictly regulated during embryogenesis and in adult tissues to avoid inappropriate co-expression. 2, 4 Myc has been implicated as a major factor of the cell cycle in various cell and tumor types; the most intensely studied of which is embryonic stem (ES) cells. In mouse ES cells, it has been suggested that c-myc is involved in cell-autonomous growth through the regulation of the cell cycle, cell metabolism and chromosomal accessibility. 5, 6 Indeed, it has recently been proposed that Myc forms the core of an independent gene regulatory module that has an essential role in the maintenance of self-renewal and pluripotency of ES cells, together with a core pluripotency and a polycomb module. 7 One problem of using Myc as a factor of cell cycle progression is its ability to induce apoptosis. In tumor cells, it is known that a high level of Myc induces cell death by both p53-dependent and -independent means. 8, 9 Hence, transformation of cells by Myc requires additional mechanism(s) to inhibit cell death. Mutations of genes in the p53-Arf pathway, overexpression of anti-apoptotic molecules such as bcl2 and mutations in bim1 have been implicated in apoptosis avoidance in tumors. 10 In ES cells, however, the molecular mechanism underlying cell protection from Myc-induced apoptosis remains unknown.
In this study, we attempted to reveal common mechanisms underlying the concomitant expression of Arid3b and Mycn. We show here, that both genes are expressed in pluripotent cells such as mouse ES and iPS cells, and have a specific role in the proliferation of ES cells. Our result also demonstrate that their expression is associated with the program of pluripotency, as their epigenetically silenced expression is derepressed only at the final stage of iPS reprogramming and is accompanied by a switch of promoter histone marks from H3K27me3 to H3K4me3. Conversely, the two genes are epigenetically silenced upon maturation of sympathetic ganglia cells through the switch from H3K4me3 to H3K27me3. As the chromatin of the two genes is found in an activated state in neuroblastoma, this raises the possibility that a failure in switching from active to repressed chromatin underlies neuroblastoma generation.
RESULTS

Overexpression of Arid3b and Mycn transforms neural stem cells (NSCs) to neuronal tumor
We previously showed that overexpression of Arid3b and Mycn convert MEFs to tumor cells. 3 In this process, Mycn promotes cell cycle progression whereas Arid3b inhibits apoptosis. To investigate whether or not this combination has the same effect on neural cells, we used a lentiviral vector to transduce the two genes into NSCs (Figure 1a) . The resulting cells were cultured for a further 2 weeks under NSC maintenance conditions, characterized and finally injected into nu/nu mice to test their tumorigenicity. Overexpression of Mycn in NSCs enhanced cell growth in vitro, but, like in MEFs, induced apoptosis as detected by the proportion of Annexin þ /7-AAD À cells. Arid3b itself did not drive cell growth, but showed an ability to suppress Mycn-induced apoptosis.
Consequently, cell growth is markedly enhanced by transduction of both genes together (Figures 1b and c) . In nude mice, the cells transduced with Mycn alone as well as Arid3b þ Mycn together formed tumors, whereas those transduced with Arid3b alone did not. However, cells transduced with both genes developed much more aggressive tumor than Mycn alone (Figure 1d ).
Both induced tumors developed a dense proliferation of small round cells with prominent and large nucleoli reflecting a clinical hallmark of MYC amplified tumors. Among those, tumor induced by Mycn alone was characterized by a large degree of apoptosis. As the histological picture lacked morphological evidence of differentiation toward specific lineages, we classified it as undifferentiated sarcoma according to the pathological criteria. In contrast, tumor formed from cells co-transducted with Arid3b and Mycn exhibited less apoptosis and occasionally contained rosette-like structures with clear neurophil formation. Their characteristic pathological features, and expression of differentiated peripheral neuronal markers such as tyrosine hydroxylase and synaptophysin are collectively consistent with a pathological classification of (Arid3b þ Mycn-induced tumor) neuroblastoma according to the criteria established by the International Neuroblastoma pathology Classification.
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Taken together, as is the case for MEFs, the combination of Arid3b and Mycn can induce transplantable tumor in neural progenitor cells, with Mycn acting to promote cell cycle progression and Arid3b inhibiting apoptosis.
Microarray analysis of Arid3b and Mycn expression in tumor cells and pluripotent cell lines Our observation that overexpression of Arid3b and Mycn together is sufficient to transform NSCs and MEFs to tumor cells prompted us to search for other malignancies expressing this combination in public repositories of microarray data (GEO and ArrayExpress). We examined expression of these genes in a total of 2666 samples representing 2064 tumor samples (B24 tumor types) and 602 non-tumor samples (tissues and cell lines). Within the 24 tumor types examined, enrichment of ARID3B expression was observed in only 4 types of tumor; acute lymphoblastic leukemia, acute myeloblastic leukemia, GCT and neuroblastoma; whereas MYCN expression was observed in 7 types of tumors. Significant coexpression of ARID3B and MYCN was observed in only acute myeloblastic leukemia, GCT and neuroblastoma (Supplementary Table 2 ). Co-expression of Arid3b and Mycn was also observed in a small number of non-tumor samples: ES cells, embryoid bodies and fetal (but not adult) hematopoietic stem cells and in testis tissue. Both ESCs and fetal hematopoietic stem cells are cells that undergo expansion and is consistent with our idea that coexpression of these two genes only occurs in expanding populations.
We were intrigued by the observation that the two genes are expressed in three cell types that express both Oct4 and Nanog, a gene set for pluripotency. [5] [6] [7] We thus decided to further investigate the significance of this observation in ES cells.
To confirm the expression of Arid3b and Mycn in ES cells, we measured the expression of Arid3b, c-myc and Mycn by quantitative reverse transcription-PCR in ES cells either cultured in a standard LIF-containing condition or in a defined medium containing inhibitors of extracellular signal-regulated kinase and glycogen-synthase kinase-3B (2i) that maintain the pluripotency of ES cells in the absence of exogenous growth factors (considered as the ground state of pluripotency). 12 The expression level of Nanog was also measured as an ES cell specific control. All genes (Mycn, Arid3b, Nanog and c-myc) are expressed in ES cells cultured in standard LIF-containing conditions. However, c-myc expression was reduced significantly in ES cells at the ground state (2i), whereas other genes remain unchanged ( Figure 2 ).
Arid3b protects ES cells from Mycn-induced apoptosis Although the molecular network for pluripotency (P-NW) in ES cells with Oct4/Sox2/Nanog at its core has been characterized to a great extent, [5] [6] [7] which genes are involved in the proliferation of pluripotent cells is not clear. Prompted by the expression of Arid3b and Mycn in ES cells, we considered the possibility that these genes support the proliferation of ES cells. As Arid3b ( À / À ) ES cells proliferate normally in LIF-containing standard culture conditions, Arid3b should be dispensable for ES cell proliferation. However, it is likely that multiple mechanisms are involved in ES cell proliferation. To assay the effect of Arid3b at higher sensitivity, we generated an Arid3b ( À / À ) ES cell line in which Flag-tagged Arid3b is expressed under the control of doxycycline (dox) and examined the proliferation of ES cells under 2i conditions with or without Arid3b. Repression of Arid3b showed little effect on ES cell growth under standard conditions (serum plus LIF). However, when maintained in the absence of exogenous growth factors (2i), ES cells grow slower in the absence of Arid3b (Figure 3a ) and this growth deficit becomes more overt at low cell densities (Figure 3b ). In contrast, expression levels of the pluripotent markers such as Oct4/ Sox2/ Nanog were largely unaffected (data not shown), suggesting that Arid3b is not directly involved in the maintenance of pluripotency.
To investigate whether or not the action of Arid3b and Mycn in ES cells is similar to that in MEFs and neural cells, we performed cell cycle analysis of ES cells before and after repression of transgenic Arid3b by dox in the absence or presence of siRNAs inhibiting Mycn. Flow cytometric analyses of both cell cycle and apoptosis revealed that repression of Arid3b in the presence of Mycn ( À siRNA) caused no significant effect on the extent of cell cycle progression, but did result in a significant increase in the number of Annexin þ /7-AAD À cells indicating an induction of apoptosis. This increase of apoptosis was suppressed by Mycn knock down. Hence, at least one role of Arid3b in ES cells is to protect cells from apoptosis. Interestingly, cell cycle progression was inhibited only when both Arid3b and Mycn were simultaneously suppressed, suggesting a latent and redundant Arid3b function in driving proliferation in ES cells in the absence of both conditions. The expression of Arid3b and Mycn were repressed by dox or siRNA, respectively. All assays were performed 2 days after transfection and or application of dox. Western blots using antibodies against FLAG (Arid3b), Mycn and b-actin (loading control) shows each depleted level (top). Mycn mRNA levels were also determined by quantative reverse transcription-PCR analysis relative to ubiquitin levels (second panel). The proportion of apoptotic cells was determined by flow cytometric analysis (third panel). Annexin þ and 7-AAD À cells were considered to be apoptotic. Cell numbers were determined (fourth panel) and analyzed for bromodeoxyuridine incorporation by flow cytometry to determine the proportions of cells at different stages of the cycle (bottom panel). (Figure 3c) . These results are consistent with our previous observations of MEF, neural cells and neuroblastoma in that Mycn is the primary factor of cell cycle progression whereas Arid3b protects the cells from apoptosis.
Arid3b and
Induction of Arid3b and Mycn during iPS reprogramming Pluripotency can be induced in somatic cells by the overexpression of a small number of transcription factors. 13 However, such reprogramming, in addition to being inefficient (in that small numbers of ES-like colonies are formed), usually results in the generation of both partially reprogrammed (piPS) and fully reprogrammed (iPS) cells.
14-16 ES, iPS and piPS are indistinguishable in terms of proliferation and morphology. However, piPS cells maintain the expression of the exogenous reprogramming factors and generally fail to activate a number of pluripotency-associated factors (including Nanog and Dnmt3l). Therefore, piPS cells can be considered to have many of the properties of ES cells without having activated the P-NW. [14] [15] [16] To
14-16 As previously reported, ES, iPS and piPS cells were indistinguishable from each other in terms of proliferation and morphology; however, expression of the exogenously transduced factors persisted in the piPS cells and we detected expression of Nanog expression only in ES and iPS cells (Supplementary Figure 1A-D) . Expression of Arid3b and Mycn were detectable in fully reprogrammed iPS at a comparable level to that of ES cells, but only at low levels in piPS (Figure 4a ). We also confirmed these results in a previously published DNA microarray data set (Supplementary Figure 1E) . 16 We next investigated whether or not the expression of the two genes is accompanied by the reprogramming of epigenetic marks. The UCSC genome Bioinformatics data base that contains an extensive collection of chromatin immunoprecipitation data, indicated that the promoters of the two genes are occupied by H3K4me3 (active) but not H3K27me3 (inactive) marks in ES cells, whereas the opposite pattern was found in MEF (Supplementary Figure 1F) . To extend these observations, we performed chromatin immunoprecipitation analysis to determine the histone marks present in the promoters of these genes in several cell types including NSC, piPS and iPS. We also analyzed the methylation of CpG islands overlapping with the promoters and found that the methylation pattern is mostly unchanged; being hypomethylated in NSCs and throughout the reprogramming process (Figure 4b ). On the other hand, both genes are marked by repressive H3K27me3 in piPS cells and NSCs, and are only marked by H3K4me3 in iPS and ES cells (Figure 4c) . Thus, expression of the two genes during iPS formation is accompanied by an epigenetic reprogramming of histone marks but not methylation of CpG islands.
Misregulation of histone modification in neuroblastoma at Arid3b and Mycn promoters The change in histone modification at the promoters of Arid3b and Mycn from a closed to an open state during reprogramming of NSCs prompted us to investigate the histone modification at these genes during the development of normal sympathetic neurons. Neuroblastoma is derived from neural crest and shares many common features with developing neural ganglia such as expression of Mycn. 17, 18 To define the difference between neuroblastoma and normal cells, we assessed the expression of the two genes during mouse sympathetic cervical ganglia (SCG) development. At embryonic day 11.5 (E11.5 or 11.5 days post-coitus) both Arid3b and Mycn expression was detected in the SCG. Arid3b expression was also detected in the notochord, dorsal root ganglia and developing progenitors of adrenal medulla (Figures 5a and b) . Quantitative reverse transcription-PCR measurements indicated that the expression of both genes is gradually downregulated during SCG development after E11.5 and their expression is lost completely in the adult SCG. Thus, the two genes are repressed along with SCG maturation. Consistent with the decrease of expression, the histone marks at the respective gene promoters shifted from H3K4me3 to H3K27me3 (Figure 5b ). The change to repressive H3K27me3 marks was complete at the Mycn locus, whereas some H3K4me3 modification was still detected at the Arid3b promoter in adult SCG.
Nonetheless, both genes contained mostly H3K27me3 marks in adult SCG. We next analyzed the histone modifications at these genes in a mouse neuroblastoma cell line (C-1300). In C-1300, the two genes are expressed, albeit at a low level. However, only H3K4me3 was detected at the promoters of the two genes. This implies that a
Arid3b
Mycn DAPI Arid3b and Mycn in Neuroblastoma development K Kobayashi et al failure in the shift of histone marks from H3K4me3 to H3K27me3 at these genes is a characteristics of neuroblastoma. As we could obtain only one mouse neuroblastoma cell line, we next analyzed the histone modifications of these genes in six human cell lines; keratinocyte-derived iPS cells, keratinocytes and four neuroblastomas with or without MYCN amplification. Neither gene was detected in keratinocytes; in contrast, a low but significant expression of ARID3B was detected in all neuroblastomas, irrespective of the presence of MYCN amplification, whereas high MYCN expression was found only in the line bearing MYCN amplification. Irrespective of the expression level, the active H3K4me3, but not the repressed H3K27me3 mark was enriched at the ARID3B promoter in all neuroblastoma cell lines. A similar pattern was also observed on the promoter of MYCN, except in the one cell line (Figure 5c ). Although a relatively good correlation of the H3K27me3 mark and gene repression was observed, the expression level of these genes in neuroblastoma cell lines varied significantly.
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DISCUSSION
The combination of Arid3b and Mycn expression has a strong oncogenic activity in MEFs. 3 Here, we show that NSCs transduced with this gene combination are capable of generating neural tumor that can grow in subcutaneous tissue of nu/nu mice. Unlike MEFs that require both Arid3b and Mycn for transformation, Mycn alone is sufficient to transform NSCs to tumor. However, NSCs transduced with both genes resulted in more malignant tumor, presumably due to the repression of apoptosis by Arid3b (Figure 1c) . Thus, in concert, our observations demonstrate that the role of Arid3b in development and tumor formation is to suppress apoptosis in cells undergoing Mycndependent proliferation.
By data-mining repositories of expression data of tumors and normal cell lines, we found that tumors expressing the ARID3B and MYCN combination are unexpectedly rare; co-expression was only enriched in three tumor types (neuroblastoma, acute myeloblastic leukemia and male GCT). Co-expression of the two genes was also detected in a small number of non-tumor samples. Of the 26 (non-tumor) positive samples that we identified (from 602 samples), 11 were ES or ES-derived embryoid body cells, 6 were testicular samples and 9 were hematopoietic stem cells (mostly fetal, co-expression is not usually observed in adult hematopoietic stem cells).
Of these, we were intrigued by the result that co-expression is found in male GCT, testicular tissue and ES cells, all of which can be considered as having some features of pluripotency. This raises the possibility that the expression of Arid3b and Mycn are implemented in the molecular network of pluripotency (P-NW). 5, 19 In this study, we used the 2i-defined conditions for ES cell culture, as this condition, because of the absence of exogenous growth factors, illuminates the intrinsic P-NW more clearly. 12 Under this condition, the only Myc family member expressed is Mycn. This is consistent with previous work indicating a LIF-dependent induction of c-myc. [20] [21] [22] Expression of Arid3b and Mycn in ES cells cultured in 2i medium implies that these genes are integrated with the P-NW. Consistent with this observation are recent studies showing that the two molecules are indeed included in the molecular network for pluripotency. 5, 19 That Arid3b and Mycn is integrated with P-NW is also supported by our findings that the two genes are reactivated during reprogramming from NSC to iPS. This reactivation of expression does not occur in partially reprogrammed cells (piPS) and is accompanied by a switch from repressive H3K27me3 to permissive H3K4me3 histone marks. These observations prompted us to consider the possibility that aberrant epigenetic regulation of the embryonic growth program can result in the formation of embryonic tumors, such as neuroblastoma.
It is widely accepted that a group of child cancers arise in embryonic cells that fail to shift from embryonic to mature states. 23 Although definite genomic lesions such as anaplastic lymphoma kinase mutation and MYCN gene amplification have been identified in some neuroblastoma subtypes, molecular mechanisms that can account for the frequent incidence of spontaneous regression remain unidentified. 23, 24 As spontaneous regression generally leads to complete recovery from disease, such tumors may be free from major genetic alterations. Hence, epigenetic mechanisms are suspected to have a role in neuroblastoma and other tumor types that often undergo spontaneous regression. Interestingly, we found the presence of active H3K4me3 marks at the promoters of ARID3B and MYCN in human neuroblastoma lines. In contrast, we found that H3K27me3 is found at the promoters of these genes in most normal cell types including NSCs. The expression level of the two genes might be influenced by other factors such as molecular networks in each neuroblastoma; however, it is possible that a failure of epigenetic silencing underlies the development of neuroblastoma. Silencing at these genes does indeed take place during normal development of SCG neurons from neural crest, and the switch from active to repressive histone marks on the promoters underlies this. It is thus likely that a failure of epigenetic repression in cells during SCG development would result in sustained expression of Arid3b and Mycn leading to inappropriate proliferation and tumor formation. As the overexpression of the two genes can convert NSCs to tumor inducing cells, it is conceivable that sustained expression of the two genes can cause neuroblastoma. Taken together, we would suggest that some neuroblatomas arise as a result of a failure in epigenetic silencing.
A similar possibility has been suggested for Wilms' tumor; the most common pediatric kidney cancer. 25 It was shown that: (1) many genes involved in renal development and expressed in renal stem cells carry active H3K4me3 marks at their promoters, (2) the factors and signal pathways involved in Wilms' tumor are largely distinct from those defined in adult cancers. It was also suggested that the overall chromatin structure of Wilms' tumor cells is reminiscent to that of ES cells. 25 These observations, thus implicate that epigenetic failure in gene silencing during development is rather common cause of pediatric tumors that arise during embryonic development.
MATERIALS AND METHODS
Cells and culture condition
Mouse ES and iPS cells were cultured on gelatin-coated dishes in (a) serum plus LIF 26 or (b) a defined serum-free medium consisting of N2B27 medium in the presence two inhibitors, CHIR99021 and PD0325901 (2icondition). 12 For cell proliferation assays, single cell suspensions were prepared using trypsin-EDTA and cells were seeded at 10 4 cell/cm 2 , or as specified. (c) Mouse NSCs were established and maintained as previously described. 27 (d) Human neuroblastoma cells (SH-SY5Y, NB-69, IMR-32 and CHP-126) and the mouse neuroblastoma cell (C-1300) were cultured as described.
3 (e) Human iPS cell induction from adult skin keratinocytes was performed as in Ban et al. 28 (f) SCG were dissected from mouse embryos, as described. 29 Collected cells were directly used for subsequent chromatin immunoprecipitation and mRNA analysis.
Generation of fully reprogrammed and partially reprogrammed mouse iPS cells
Several mouse iPS cells used in this study have been previously described. 30 To generate novel mouse iPS and piPS cells, NSCs isolated from Oct-4/green fluorescent protein transgenic mice 31 were used. The protocols to generate iPS and piPS cells are illustrated in Supplementary Figure 1A . piPS cells generated in this study can be converted to fully reprogrammed iPS by culture in 2i conditions (data not shown) as reported. 14, 15 Arid3b and Mycn in Neuroblastoma development K Kobayashi et al
Gene transfection by lentiviral vector and tumorigenicity assay
The lentiviral expression vectors, CS2-CMV-RfA-IRES-Venus and CS2-CMVRfA-IRES-DsREDT4 were used, respectively, to overexpress Arid3b and Mycn. Production and infection of lentiviral vectors were performed as described previously. 32 NSCs were infected with a lentivirus carrying Arid3b, Mycn or both. Control cells were infected with CS2-CMV-RfA-IRES-Venus (empty). Following purification of Venus þ or DsREdT4 þ cells by FACS, 10 6 NSCs were subcutaneously transplanted to BALB/c-nu/nu mice. Mice were monitored weekly and the tumor diameter was measured with precision callipers. All animals used in this study were treated in accordance with the regulations on Animal Experimentation of the RIKEN Center for Developmental Biology.
Immunohistochemistry
Four-micrometer sections of tumor samples were stained with hematoxylin and eosin and adjacent sections were used for immunohistochemical analysis. Primary antibodies (used at a 1:100 dilution) were antisynaptophysin (clone SY38: Chemicon, Temecula, CA, USA) and tyrosine hydroxylase (clone IB5: Novocastra, Newcastle upon Tyne, UK). The BenchMark XT immunostainer (Ventana Medical Systems, Tucson, AZ, USA) and 3-30 diaminobenzidine detection kits (Ventana Medical Systems) were used for visualization. ES cells grown in cultures were stained with primary antibodies of Arid3b (ab32481: Abcam, Cambridge, MA USA), Mycn (ab16898: Abcam), respectively. Cells fixed with 4% para-formaldehyde for 30 min were briefly permeabilized with 0.2% Triton X-100. Dishes were incubated with the primary antibody for 1 h followed by incubation with an appropriate secondary antibody for an additional hour. Nuclear staining with 4 0 6-diamidino-2-phenyl indole was performed after double labeling had completed. Mouse embryo were perfused with 4% para-formaldehyde and postfixed for 2 h before embedding in optimal cutting temperature compound (OCT). Eight-micrometer sections were processed and stained as described above.
Arid3b inducible null ES system
Flag-tagged Arid3b was inserted into the piggyBac (PB)-based expression cassette under control of a dox-responsive promoter (plasmids generated by Guo et al. 33 and modified by H Niwa). Dox-responsive promoter plasmids were modified to monitor transgene expression by IRES-linked CD90.1 surface staining. These plasmids were co-transfected with PB-CAGtTA-IRESNeo and PBase expression plasmids (gifts from H Niwa and Guo et al.) using X-fect (Cat. no. 631317: Clontech, Clontech Mountain View, CA, USA) in Arid3b null ES cells, 2 followed by the isolation of dox-responsive stable lines. The transgene expression was suppressed by adding 0.01 mg/ ml dox (Cat. no. 631311: Clontech) and in turn induced by dox withdrawal.
Flow cytometry
For cell cycle analyses, ES cells were pulse labeled with 10 mM bromodeoxyuridine for 30 min. Bromodeoxyuridine incorporation assays were performed using the bromodeoxyuridine FITC Flow Cytometry kit (BD Pharmingen, San Diego, CA, USA). Apoptosis was examined by Annexin-V and 7-Actinomycin D (7-AAD) double staining (BD Pharmingen) following the manufacturer's protocol.
